Abstract. Moradi H, Attar F. 2019. Comparative study of floristic diversity along altitude in the northern slope of the central Alborz Mountains,. The Alborz is one of two main mountain chains in the north of Iran. The flora and vegetation of the sub-alpine and alpine zone of the central Alborz are less known comparing to the vegetation of lower altitudes with Hyrcanain forests. In this study, floristic composition and life-form spectra were investigated along an altitudinal transect ranging from 2000 m to the alpine and sub-nival peak of Mt. Rostam-Nisht at 4500 m. We compared the floristic diversity of the studied transect with the data obtained from an earlier studied transect in Kheyrud forest. A total of 299 taxa were found in the survey which showed high species diversity in the area. In addition, our results showed remarkable difference in life form categories between lower altitudes (Hyrcanian forests) and sub-alpine and alpine zones.
INTRODUCTION
Biodiversity includes the variety of species, genes they contain, the communities and ecosystems of which they are a part (McNeely et al. 1990 ). In a particular region, it indicates the richness in floristic composition, i.e., the diversity of species which in any given plant community is often termed as species richness (Van der Maarel 2005) . The rapid loss in species and habitats, and changing the pattern of vegetation due to various biotic and abiotic factors have imposed the assessment of diversity. So, the need for floristic knowledge as a base for biodiversity conservation is required. This knowledge can help to monitor the species loss, distribution of species and the effect of anthropogenic pressures on species habitat destruction (Pant and Samant 2012) . Such studies can finally locate hot spots and areas with high biodiversity for conservation (Phillips et al. 2003) .
Floristic studies are undertaken by many researchers following various aspects of species diversity. E.g. studying the diversity of plant life forms in different vegetation types or communities (Siadati et al. 2010; Naqinezhad et al. 2015) afford direct structural components of vegetation stands and explaining vegetation structure (Box 1981) . In this regard, assessment of biodiversity along altitudes can reduce plant community complexity. This is because of steep environmental gradients at relatively short distances (Körner 2007 ) which simply disclose the latitudinal changes of diversity (Mc Cain 2007) . Some aspects of mountains such as spatial scale, power of theoretical tests and variability of taxonomic signal make them ideally suited for examining biodiversity (Körner 2000; Mc Cain 2009; Qiong et al. 2012) and attract many researchers to compare them floristically.
The Alborz, the best-known mountain range in Iran has been poorly investigated, particularly ecologically and botanically in alpine areas (Noroozi et al. 2008 ). In Iran, the studies related to vegetation structure as well as the flora mainly focused on forests (e.g. Jafari and Akhani 2008; Siadati et al. 2010; Jafari et al. 2013; Naqinezhad et al. 2015; Gholizadeh et al. 2017) , while few studies were conducted in the regions above 2000 m (e.g. Akhani et al. 2013; Mahdavi et al. 2013; Noroozi et al. 2011; Moradi et al. 2017) .
The current investigation is a part of a project to study the vegetation and ecological properties of sub-alpine and alpine areas along an altitudinal transect in high mountains of the central Alborz. The main objective of this study was to provide a floristic list of the vascular plants in the area. This can lead to complement the information about the locality of the species, specifically those with restricted altitudinal distribution. Besides, it provides more knowledge on biodiversity conservation. Moreover, we compared the floristic composition of our studied transect with a transect located in Kheyrud forest (50-2200 m) where is belonged to the Hyrcanian forests. The Hyrcanian forest is a unique natural closed-canopy deciduous forest with a gradient of floristic changes (Moradi et al. 2016) in northern slope of the Alborz from Caspian Sea level to the altitudes at <2800 m. The findings should provide insights to (i) the potential of biodiversity within the central Alborz Mountains, and (ii) a comparison between the flora and life forms of our studied area and Kheyrud forest.
MATERIALS AND METHODS

Study area
The Alborz extends at the southern shore of the Caspian Sea from the Ararat mountainous range, in the border of Armenia in the west to Hindukush range in Afghanistan to the east. It acts as a natural barrier between the Caspian Sea and the Central Plateau of Iran. The Alborz is topographically divided into eastern, central and western Alborz with maximal altitudes between 3000-3500 m and the valleys with a minimum of around 2000 m. It includes several peaks in the central Alborz with more than 4000 m, e.g., Mt. Damavand (5671 m) and Mt. Alamkuh (4840 m) (Khalili1973).
The Alborz has two distinct climatic regimes for northern and southern slopes. The climatic information delineates a dry to semi-dry climate with a semi Mediterranean rainfall regime mainly in winter on the southern slope. Conversely, in the northern slope, there is a humid and sub-humid climate with maximum precipitation in autumn and winter and a relative minimum rainfall in spring with no real dry season. The climate is cold and subhumid in lower altitudes (2100 m) and cold and dry in the sub-alpine and alpine zones (2400-4000 m) (Khalili 1973) .
The northern and southern slopes divide the Alborz floristically. The southern slope is covered by dry IranoTuranian steppic plant assemblages, while the Hyrcanian forest encompasses the northern slope in lower altitudes (<2800m) and is characterized by temperate broad-leaved deciduous trees (Zohary 1973; Frey and Probst 1986) . Toward higher altitudes, in sub-alpine areas, the grasslands and steppic vegetation replace the Hyrcanian forest, which is mainly divided into tall herbaceous vegetation (Noroozi 2014) , grassland with scattered trees and grasslands with thorn cushion (Frey and Probst 1986) . Thorny cushions are mostly found at sub-alpine altitudes with lowest temperature and long snow cover duration (Klein 1987) followed by chasmophytic and mobile screen species at alpine and nival areas in rocky habitats and screes (Klein 1982; Noroozi et al. 2008; Noroozi 2014 Figure 1 ). 
Vegetation sampling
Field sampling was performed during the growing season (summer and spring) of 2013 to 2015 in a total of 76 vegetation plots. Three 10 x 10m vegetation plots were allocated in each 100 m elevational interval along an altitudinal transect ranging from 2000 m up to 4500 m, in sub-alpine, alpine and nival areas. We took only one vegetation plot at 4500 m because of little space at the peak. The data related to the location, elevation, slope degree and exposition of the plots were noted. The voucher specimens were deposited in the central Herbarium of Teheran University (TUH) and were identified based on Flora Iranica (Rechinger 1963 (Rechinger -2010 , Flora of Iran (Assadi et al. 1988 (Assadi et al. -2015 and Flora of Iraq (Townsend et al. 1966 (Townsend et al. -1985 . We followed Raunkiaer's classification (Raunkiaer 1934) to separate the life forms of the species found in our survey.
In order to compare the floristic composition of the Hyrcanian forest and steppic grasslands of the central Alborz, we considered the sub-alpine,alpine and nival areas of Mt. Rostam-Nisht and the data from an earlier studied transect in Kheyrud forest (Siadati et al. 2010 ). This transect is located 7 km east of Nowshahr in Mazandaran province, between 51°33˝12΄-51°39˝56΄ E and 36°33˝08΄-36°45˝05΄ N, ranging from 50 to 2100 m a.s.l. 
RESULTS AND DISCUSSION
Floristic diversity and the comparison of their vegetation types
The locality of the Alborz between Hindu KushHimalaya Mountains in the east, and Anatolia and Caucasus Mountains in the west makes it so important and strategic in terms of historical, evolutionary, phytogeographical and biogeographical aspects (Noroozi et al. 2008; Naqinezhad et al. 2017) . The Caucasus and Central Anatolian Mountains have been identified as the areas with a strong biogeographic connection with the Alborz (Noroozi 2008) . The occurrence of a high number of vascular plant species in these mountainous ecosystems demonstrates their high floristic diversity and biodiversity importance. A total of 299 plant taxa of vascular plants were recorded along our altitudinal transect in Mt. RostamNisht (Table 1) , as a representative of the sub-alpine, alpine and nival areas of the central Alborz. While, based on studies on Caucasus and literature survey, 226 species, 96 genera and 35 families were recorded in the sub-nival belt of the Caucasus within a range of 2800 (2900) -4000 m (Shetekari et al. 2012 ). In the western and central Taurus, 180 vascular plant species were exclusive to the highest life zone which 150 species were found in altitudes higher than 3000 m (Parolly 2015) . The study on the Naran Valley located in the western Himalayan province of the IranoTuranian region demonstrated 198 species and 68 families (Khan et al. 2012) .
Although the Alborz mountain is rich in plant species, this is not applied to all altitudinal ranges, e.g., the highest number of species (58 species) was occurred in lower altitudinal ranges at 2200 m, while, a few numbers of species (4 species) were found at 4400 m.
The recorded species was belonged to 48 families and 168 genera, among them were four families of pteridophytes, one family of gymnosperms and 43 families of angiosperms. Eudicots with 36 families, 139 genera and 245 species were the richest group, while monocots had 7 families, 23 genera and 47 species in the studied flora ( Table 2 ). The families Asteraceae (34 taxa, 11.37%), Poaceae (31 taxa, 10.37), Lamiaceae (25 taxa, 8.36%), Fabaceae (25 taxa, 8.36%) and Caryophyllaceae (20 taxa, 9.69%) showed the highest species richness. The families Brassicaceae (18 taxa, 6.02%), Rosaceae (16 taxa, 5.35%), Scrophulariaceae (15 taxa, 5.02%), Boraginaceae (11 taxa, 3.68%), Apiaceae (11, 3.68%) and Rubiaceae (10 taxa, 3.34%) were the next species-rich families.
The families Asteraceae (17, 10.12%), Lamiaceae (15, 8.93%), Brassicaceae (14, 8.33%), Poaceae (13, 7.74%), Apiaceae (11, 6.55%) and Caryophyllaceae (10, 5.95%) were the most genera rich. The genera with the highest species richness were Astragalus (13 taxa, 7.74%), Potentilla (9 taxa, 5.36%), Veronica (8 taxa, 4.76%), Bromus (7 taxa, 4.17%), Poa (7 taxa, 4.17%) and Galium (6 taxa, 3.57%). The genera such as Astragalus, Nepeta, Cousinia, Potentilla, Silene and Oxytropis were found to be the richest genera in the area which was reported by other researchers (e.g., Noroozi et al. 2008; Rechinger 1963 Rechinger -2010 . These genera have been found in Mt. Rostam-Nisht, particularly in high altitudes. Accordingly, these genera contained a high number of endemic species, e.g., 7 out of 13 taxa of Astragalus are the endemic taxa which occurred mainly at altitudes higher than 3500 m in the studied area.
The variation in different groups of taxa is another reflection of high floristic diversity along lowlandmountain transects in the central Alborz. Here, a clear example is the higher occurrence of pteridophytes in Kheyrud forest (in altitudes 50-2200 m) than sub-alpine and alpine areas (2000-4500 m). The high soil humidity in wet seasons and dense canopy tree covers in forests makes the pteridophytes show a remarkable diversity (Siadati et al. 2010) in the forest, though they are few in the subalpine and alpine areas. This can simply mirror the variation of plant groups along altitude which may also reveal the climatic variation in the Alborz (Moradi et al. 2017) . The similarities and differences of floristic comparison of the vegetation in Mt. Rostam-Nisht and Kheyrud forest were notable. Our findings represented close number of taxa, i.e. 299 taxa in the mountain and 295 taxa in the forest, but the number of different plant groups was different. As mentioned, pteridophytes were high in the forest comparing to the sub-alpine and alpine areas. Besides, the number of families and genera were less in the Mt. Rostam-Nisht while the species-rich genera were less in the forest ( Table 2 ). The genera with high number of species occurred in Mt. Rostam-Nisht, e.g. the genus Astragalus with 13 taxa (7.74%) represented the richest genus in our studied area, while the genus Carex with 8 taxa (2.71%) was found as the richest genus in Kheyrud forest. Furthermore, there were 37 genera (12.54%) with two taxa and 149 genera (50.51%) with only one taxon in Kheyrud forest, while there were 37 genera (12.37%) with two taxa and 100 genera (33.44%) with only one taxon in the Mt. Rostam-Nisht.
The comparison of diversity in Mt. Rostam-Nisht and Kheyrud forest is manifest not only in the floristic composition, but also in terms of life forms of the plants. Life form reflects the adaptive responses of plants to environment and climate (Archibold 1995 ) and provides differences of various vegetation types (Neilson 1993; Archibold 1995) . The dominant life forms were hemicryptophytes (196 taxa, 65.55%) followed by therophytes (47 taxa, 15.72 %) and chamaephytes (35 taxa, 11.71 %). Geophytes (14 taxa,4.68 %) and phanerophytes (7 taxa, 2.34 %) contained low proportion of life forms in the studied transect (Figure 2) .
The comparison of life form spectrum between mountain and forest displayed an obvious difference in the proportion of phanerophytes. They were more in the forest than in Mt. , while the occurrence of chamaephytes (11.71% vs. 1.4%) and hemicryptophytes (65.55% vs. 30.6%) was higher in our studied area than in Kheyrud forest. Interestingly, the geophytes contained only 4.68% of the flora in sub-alpine and alpine areas, whereas they confined higher proportion (37.5%) in the forest. Finally, therophytes were more common in Mt. Rostam-Nisht (15.72%) than in the forest (9.3%) (Figure 2 ). In this regard, phanerophytes in Kheyrud forest are a common group which decreases with altitude and are scattered at forest/steppe ecotones, and finally disappeared at altitudes higher than 2400 m. Although, climatic stresses such as winter snow cover is supposed to filter out trees in high altitudes (Körner 1999 ) (see Moradi et al. 2017 for more details), but Noroozi and Körner (2018) believed that the absence of trees up to 2850 m is best explained by millennia of detrimental land use practices. Chamaephytes, a well-known life form in the mountains, with a long altitudinal range from 2800-4300 m in Mt. Rostam-Nisht, seems to cope effectively with grazing in lower altitudes and climatic harshness of high altitudes (Moradi et al. 2017) .
The major variation of life form proportions across two transects is also related to geophytes and hemicryptophytes. Generally, geophytes comprise little number of species in alpine zones (Noroozi et al. 2011 ) as in our studied area. The sub-alpine and alpine zones are commonly characterized by hemicryptophytes (Noroozi et al. 2008) which are associated with colder climates and longer periods of coldness (Raunkiaer 1934) . The activities such as human effects, grazing and disturbance can make suitable habitats for therophytes in both Mt. Rostam-Nisht and Kheyrud forest. Therophytes have been found as indicators for highly stressful habitat in the forests (Siadati et al. 2010; Naqinezhad et al. 2015) . Similarly, Mt. Rostam-Nisht, particularly in lower altitudes is threatened by land use changes, strong grazing pressure and trampling which resulted to the growth of some annual species such as Alyssum minus, Descurainia sophia, Sisymbrium irio and Thlaspi hastulatum.
Threat and conservation
The changing of vegetation types and habitats from Hyrcanian forest to the timberline and the particular vegetation of the forest/steppe, makes the Alborz an important landscape for conservation of species and biodiversity. The importance is more when treeline ecotones between forest and steppe are discussed. Climatic warming might cause an upslope ascent of treeline ecotones and the consequent contraction and fragmentation of alpine areas (Camarero et al. 2006) . So, treeline ecotones can be considered as early indicators of future changes and the stability of forest stands under the increasing stresses of climate change (Walker et al. 2003) . Although, the ecotones and alpine areas of the Alborz are naturally more protected comparing to the forests, but they supply a large amount of food capacity for cattle, so is highly under the pressure of sheep grazing mainly in last decades. Human and agricultural activities, livestock grazing, severe harvesting of endangered species for economic and ornamental purposes as well as the collection of medical plants are the main threats in the Hyrcanian forest . On the other hand, overgrazing of the vegetation in the delicate sub-alpine and alpine areas caused destruction in vegetation, habitat and biodiversity loss and intensive reduction in space for endemic and narrow distributed species (Noroozi et al. 2008 ). The Alborz Mountains should receive considerable ecological attention for both conservation and theoretical reasons. More preserving and conservation of species and habitat is needed to protect its diverse and distinctive flora and vegetation.
